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ABSTRACT 

Six earth sensing exporirnPnts are recommended here 

f o r  flight on the first AAP Workshop. These experiments will 

provide valuable data even though a higher inclination orbit 

than is presently planned is desirable. If the orbital in- 

clination of the mission can be increased to 35 ' or more, 
the recommended experiment complement must be reexamined 

because other instruments become competitive. 

The recommended experiments can be performed without 

compromising other mission objectives. 
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FROM: W .  W .  E l a m  

MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

The Apol lo  A p p l i c a t i o n s  Program Miss ion  1 - A  has been  
c a n c e l l e d .  The 1 - A  mi s s ion ,wh ich  was t o  have been  f lown  a t  an 
o r b i t a l  i n c l i n a t i o n  of 50°, had as i t s  p r imary  s c i e n t i f i c  pay- 
l o a d  1 4  e a r th  r e s o u r c e s  and meteoro logy  e x p e r i m e n t s .  T h i s  
memorandum i n v e s t i g a t e s  which o f  t h e s e  expfsi7iments would p r o v i d e  
good s c i e n t i f i c  da ta  i n  a low i n c l i n a t i o n  o r b i t  (28.5') and how 
t h e s e  expe r imen t s  c o u l d  be c a r r i e d  and o p e r a t e d  on a n  e a r l y  A A P  
m i s s i o n .  

The low i n c l i n a t i o n  o r b i t  c a u s e s  a change i n  p r i n c i p a l  
m e t e o r o l o g i c a l  o b j e c t i v e s  f r o m  t e s t i n g  and coraparing a t m o s p h e r i c  
sound ing  t e c h n i q u e s  n e c e s s a r y  f o r  g l o b a l  n u m e r i c a l  weather a n a l y s i s  
and l o n g e r  r a n g e  weather p r e d i c t i o n  t o  making o b s e r v a t i o n s  i n  
s u p p o r t  o f  e a r t h  based  f i e l d  p r o j e c t s  i n v e s t i g a t i n g  mechanisms 
o f  h e a t ,  momentum, and m o i s t u r e  t r a n s p o r t  i n  t r o p i c a l  l a t i t u d e s .  
These  f i e l d  p r o j e c t s  a re  a l s o  i n  s u p p o r t  o f  t h e  World Weather 
Watch and t h e  A s s o c i a t e d  Global  Atmospheric  Resea rch  Program. 
The  t y p e s  of o b s e r v a t i o n s  r e q u i r e d  a r e  h i g h  r e s o l u t i o n  c o l o r  
pho tography ,  s t e r e o  photography,  i n f r a r e d  imag ing ,  microwave 
imag ing ,  and s f e r i c s .  

For e a r t h  r e s o u r c e s  t h e  low i n c l i n a t i o n  o r b i t  g r e a t l y  
r e d u c e s  t h e  number and v a r i e t y  o f  ground t r u t h  s i t e s .  The ob- 
j e c t i v e s  s h i f t  from d e v e l o p i n g ,  e v a l u a t i n g , a n d  comparing m u l t i -  
s p e c t r a l  t e c h n i q u e s  to t h e  use o f  a few b e t t e r  u n d e r s t o o d  t e c h -  
n i q u e s  t o  g e t  t h e  t y p e  o f  d a t a  f o r  which i n t e r p r e t a t i o n  i s  com- 
p a r a t i v e l y  w e l l  known from e x p e r i e n c e  w i t h  a i r c r a f t  bo rne  s e n s o r s .  
T h e  a l t i t u d e  o f  t h e  A A P  m i s s i o n s  d e g r a d e s  t h e  s p a t i a l  r e s o l u t i o n  
o f  t hese  expe r imen t s  and t h u s  r e d u c e s  t h e i r  u s e f u l n e s s  f o r  e a r t h  
r e s o u r c e s  p u r p o s e s .  

I n  a d d i t i o n ,  t h e  r a d a r  s c a t t e r o m e t e r y  expe r imen t  t o  
d e t e r m i n e  sea s t a t e  and p o s s i b l y  i n f e r  s u r f a c e  winds o v e r  ocean  
areas s h o u l d  be i n c l u d e d  because  o f  t h e  i m p o r t a n c e  o f  t h e  o b j e c t -  
i v e s  even though a d e s i r e d  range  o f  n a t u r a l  c o n d i t i o n s  may n o t  be 
e n c o u n t e r e d .  
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INSTRUMENT P A Y L O A D  

The AAP 1-i~ ' r p e r i m e n t s  whicil , I : j o r t  t h e s e  o b j e c t i v e s  
a r e  : 

SlOO M e t r i c  :aIiic?ra ( s p e c i a l )  
SlOl Multib3iid P h o t o g r a n h y  
S102  Dual  (;,??innel Scanner-111 '(3r 
S l o g  Al t ime te r /Sca t t e rometeT  - 3 iar  
SO48 UHF S f e r i c s  
SO75 E l e c .  S c a n .  Microwave F a a i n - c t e r  

SlOO must b e  mounted i n  a p r e s , u r i z e d  volume b u t  w i t h o u t  
o p t i c a l  r e s t r i c t i o n .  S102 must b e  l o c a t e d  p a r t i a l l y  i n  a p r e s s u r -  
i z e d  volume.  O t h e r s  a r e  exgosed  to vacuurn. O r i e n t a t i o n  w i t h  
r e s p e c t  t o  t h e  l o c a l  v e r t i . c a 1  and  t h e  qrou t v e l o c i t y  v e c t o r  i s  
r e q u i r e d .  A l l  o p e r a t e  l o o k i n q  i n  t h e  n a d i  d i r e c t i o n .  T a b l e  1 
g i v e s  da t a  on t h e  expe r imen t  hardware .  Thc. t o t a l  l a u n c h  w e i g h t  
i s  a p p r o x i m a t e l y  450 l b s  plus r e t u r n  w e i q h t  (magaz ines  and  f i l m ) .  
The minimum r e t u r n  we iqh t  i s  7 3  lbs based o n  a 1 4  day  m i s s i o n  
w i t h  more w e i g h t  c e r t a i n l y  d e s i r a b l e  f o r  a l o n g  d u r a t i o n  m i s s i o n .  
Weight  o f  s u p p o r t i n p  s t r u c t u r e s  o r  svs tems would be a d d i t i o n a l .  

The i n s t r u m e n t s  s h o u l d  b e  Z o u n t c d  on t h e  MDA o r  AM 
s t r u c t u r e  s u c h  t h a t  t h e  l o o k  d i r e c t i o n  ( n a d i r  d i r e c t i o n  d u r i n g  
o p e r a t i o n )  i s  i n  t h e  d i r e c t i o n  o f  t h e  +z a x i s  o r  on t h e  P o r t  3 ,  
T r u s s  2 s i d e  o f  t h e  c l u s t e r  which i s  t h e  o p p o s i t e  s i d e  f rom where  
t h e  LM/ATM i s  docked .  1 f . P J i t  3 were p r c v i d e d  w i t h  a n  o p t i c a l  
h a t c h ,  SlOl s h o u l d  be mounted i n t e r n a l l y  i n  t h e  MDA f o r  con- 
v e n i e n c e  o f  f i l m  r e p l a c e m e n t .  The o t h e r  e x n e r i m e n t s  must be 
mounted e x t e r n a l  t o  t h e  MDA or A M .  S i n c e  a l a w e  p o r t i o n  o f  
t h e  s u r f a c e  o f  t h e  MDA i s  ;t r a d i a t o r ,  mount inq  a round  t h e  
s t r u c t u r e  of T r u s s  2 o f  t h e  A M  a p p e a r s  t o  have  t h p  l e a s t  impac t  
on t h e  sys t em.  O t h e r  p o s s i t i l i t i e s  a re  a ;mall 2 a r r i e r  t a k e n  
up i n  t h e  SLA area and t h e n  t r a n s p o s e d  tl2 P 3 r t  3 o f  t h e  WDAJ Or 

mount ing  t h e  e x p e r i m e n t s  i n  a s e c t o r  o f  t h e  SY. 

Accomodatin SlOO w i t h  i t s  r e q u i r e m e n t  f o r  a p r e s s u r i z e d  
env i ronmen t  and an  op F i c a i  window, its r e l a t i v e l y  l a r g e  s i z e ,  and  
n e c e s s i t y  f o r  f i l m  r e t u r r i  would b e  t h e  h i o s i  d i f f i c u l t  i n s t r u m e n t  
moun t ing  p rob lem.  

EXPERIMENT nPERATION - RAP 1-0- 3-R (MSi?iC'i , TUSSInN) - -- 

The c l u s t e r  would b e  o r > i e n t e d  w i t h  t h e  l o n y  a x i s  POP 
(0" more e x a c t l y  n e r p e n d i c u l a J q  to t h e  ground v e l o c i t y  v e c t o r )  
w i t h  t h e  e a r t h  sensin.;  i n s t r u m e l i t s  ,naosnted on t h e  '[PA Port 3 
s i d e  o f  t h e  c l u s t e r .  The c l  i s ter  i s  r( 7 1 c c l  siowl;; a round  t h e  
lono; a x i s  so t h a t  t h e  e ? r t h  s e n s i n g  i n s t r u m , c n t s  are h e l d  i n  t h e  
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n a d i r  p o s i t i o n .  The s o l a r  c e l l s  would o p e r a t e  a t  a p p r o x i m a t e l y  
60% e f f i c i e n c y  as compared t o  t h e  POP mode. However, t h e r e  i s  
a s a v i n g s  i n  maneuvering f u e l  r e q u i r e d ,  t h r e e  pounds per  day  i n  
t h e  POP roll mode as compared t o  n i n e  pounds p e r  day  i n  t h e  s t r a i g h t  
POP mode.* 

It would b e  h i g h l y  d e s i r a b l e  t o  make au tomated  obse rva -  
t i o n s  w h i l e  t h e  c l u s t e r  i s  i n  " s to rage ! '  o r b i t  unmanned. The 
c l u s t e r  would be o r i e n t e d  w i t h  t h e  l o n g  a x i s  POP and  r o l l e d  as 
d e s c r i b e d  above .  S a v i n g s  i n  R C S  f u e l  a r e  r e a l i z e d .  The d e c r e a s e d  
s o l a r  c e l l  o u t p u t  would be  c o m p a r a t i v e l y  less  o f  a problem t h a n  
when t h e  c l u s t e r  i s  manned. Large  c a p a c i t y  f i l m  magazines  would 
b e  r e q u i r e d  f o r  unmanned o p e r a t i o n .  There  would,  o f  c o u r s e ,  b e  
l o n g  d e l a y s  i n  r e t u r n i n g  t h e  f i l m  t o  e a r t h  as i t  would b e  b r o u g h t  
back on t h e  AAP 3-A CM which would a l s o  b e  c a r r y i n g  a l a r g e  
volume o f  f i l m  from t h e  3-A Miss ion  i t s e l f .  

FURTHER OBSERVATIONS AND SUMMARY 

F l y i n g  a t  t h e  p lanned  h i g h e r  a l t i t u d e  as compared t o  t h e  
1 4 0  N . M .  a l t i t u d e  f o r  t h e  1 - A  m i s s i o n  c a u s e s  a d e g r a d i n g  o f  
s p a t i a l  r e s o l u t i o n  o f  t h e  pho tograph ic  and p a s s i v e  imaging 
d e v i c e s .  For e a r t h  r e s o u r c e s  t h i s  i s  a s i g n i f i c a n t  f a c t o r .  
The s p a t i a l  r e s o l u t i o n  i s  adequa te  f o r  me teo ro logy .  The f l y i n g  
o f  ear th  r e s o u r c e s  i n s t r u m e n t s  a t  a l t i t u d e s  c o m p a t i b l e  w i t h  l o n g  
d u r a t i o n  m i s s i o n s  r e q u i r e s  t h a t  t h e  per formance  o f  t h e  i n s t r u m e n t s  
be upgraded  t o  s i g n i f i c a n t l y  improve t h e  s p a t i a l  r e s o l u t i o n  
o b t a i n e d .  

Because t h e  a s t r o n a u t  t i m e l i n e  f o r  these  m i s s i o n s  i s  
f u l l  i f  n o t  o v e r l o a d e d ,  t h e  o p e r a t i n g  c o n t r o l  o f  t h e s e  e x p e r i -  
ments s h o u l d  be au tomated  o r  ground c o n t r o l l e d  w i t h  a n  a s t r o n a u t  
manual o v e r r i d e .  The o p e r a t i o n  o f  t h e  e x p e r i m e n t s  s h o u l d  be  
enhanced  by a s t r o n a u t  p a r t i c i p a t i o n ,  b u t  must n o t  be  l i m i t e d  by 
a s t r o n a u t  a v a i l a b i l i t y .  

S imul t aneous  o b s e r v a t i o n s  of  t h e  e a r t h  and s t e l l a r  and 
c e l e s t i a l  b o d i e s  canno t  b e  made from t h e  same s p a c e  p l a t f o r m  
w i t h o u t  a g i m b a l l i n g  c a p a b i l i t y .  I f  e a r t h  l o o k i n g  da ta  can  be 
t a k e n  on m e d i c a l m i s s i o n s ,  t h e  r e q u i r e d  complex i ty  f o r  t a k i n g  
e a r t h  l o o k i n g  da ta  on a n  e a r l y  ATM m i s s i o n  would n o t  be  w a r r a n t e d ,  

The e a r t h  l o o k i n g  s c i e n t i f i c  o b j e c t i v e s  and i n s t r u m e n t  

I f  t h e  o r b i t a l  i n c l i n a t i o n  can  b e  changed t o  3 5 ' ~ t h e n  
complement s t a t e d  here a r e  based  on an assumed o r b i t a l  i n c l i n a t i o n  
of 28.5 ' .  
t h e  m e t e o r o l o g i c a l  o b j e c t i v e s  are  changed.  The s c i e n t i f i c  r e t u r n  
f o r  a t m o s p h e r i c  s e n s i n g  e x p e r i m e n t s ,  p a r t i c u ' l a r l y  t h e  t e m p e r a t u r e  
p r o f i l e  sensors ,  i n c r e a s e s  markedly,  p a r t i c u l a r l y  i f  t h e  s e n s i n g  
i s  done d u r i n g  t h e  w i n t e r  s eason .  Thus,  assuming a l i m i t e d  
c a p a c i t y  f o r  c a r r y i n g  e x p e r i m e n t s ,  t h e  i n s t r u m e n t  complement 

*B.  E l r o d  - p e r s o n a l  communication 
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g i v e n  he re  p r o b a b l y  would be m o d i f i e d  f o r  a 3 5 O  i n c l i n a t i o n .  

CONCLUSIONS 

Worthwhile  ea r th  sensine;  e x p e r i m e n t s  can be mounted 
and o p e r a t e d  on t h e  A A P  Workshop i n  low i n c l i n a t i o n  o r b i t  
w i t h o u t  i n t e r f e r e n c e  w i t h  t h e  o t h e r  m i s s i o n  o b j e c t i v e s .  
Although t h e  d a t a  r e t u r n  from ear th  s e n s i n ?  e x p e r i m e n t s  would 
be i n c r e a s e d  i n  h i q h e r  i n c l i n a t i o n  o r b i t s ,  n e v e r t h e l e s s ,  
v a l u a b l e  d a t a  w i l l  be o b t a i n e d  i n  t h e  p r e s e n t l y  p l anned  o r b i t  
E a r t h  s e n s i n g  e x p e r i m e n t s  s h o u l d  be c a r r i e d .  

1011-WWE-cas W .  W .  E l a m  
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